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Abstract: The Coronavirus disease 2019 (COVID-19) is a pandemic that has altered practically all
human activities worldwide. Since the pandemic started at the beginning of 2020, infections have
fluctuated drastically over time. It is difficult to predict how this situation will evolve in the coming
months/years or when a return to some semblance of ’normal’ activity might occur. Because of
global lock-up and distancing measures, the beaches, otherwise filled with tourists, first emptied
and then had a reduced density of visitors owing to a wide variety of social-distancing measures.
Therefore, new safety protocols need to include a wide range of aspects, such as epidemiological
conditions, socioeconomic realities, and ecological contexts in which the pandemic occurs. Here,
we propose new nature-based landscapes for sandy beaches to help maintain the social distancing
of beach visitors while beaches and dunes are restored. When sufficient sediment is available, the
maintenance and restoration of healthy beaches with incipient dunes and vegetation will help reduce
contagion, promote human health, and recover natural ecosystems.

Keywords: coastal management; incipient dunes; dunes; tourism; nature-based social distancing

1. Introduction

Since its outbreak in December 2019, the new coronavirus (SARS-CoV2) causing
acute respiratory syndromes has generated unparalleled impacts worldwide. The medical,
social, and economic shocks have affected most countries [1], and probably the impacts
of the pandemic will last for years to come. As of 5 May 2021, the confirmed number of
COVID-19 cases had reached 155 million, a total of 3.2 million deaths, and 133 million
recovered globally [1]. To stop the spread of this virus and protect the most vulnerable
people, strict quarantine measures, a generalized lockdown, and regulated attendance
to public spaces with massive participation, such as the beach, have been implemented
worldwide [2,3]. As the pandemic continued and evolved, a collapsing economy and social
pressure due to canceled tourism [4] forced the authorities to open the beaches gradually.
According to decisions made by local authorities, only restricted activities such as leisure,
individual exercise, sunbathing, and swimming are allowed. A social distance policy has
been enforced, and groups of visitors are restricted to a reduced number ranging (in Mexico,
for example) from 2 to 10 [5], with limited permanence to render others the opportunity to
use the beach, depending on local conditions and decision-makers. Suddenly, the beaches
had sharp lower capacity limits [5]. Frequently, these decisions are difficult to implement.

As the pandemic continued, and with the progressive removal of lockdown restric-
tions, several alternatives for social distancing were provided for beachgoers by the author-
ities. These included different options that ranged from the placement of bunks and beach
umbrellas at the indicated distance, setting physical limits with ropes and even fences and
huts (Figure 1). More drastic measures involved the need to make reservations to attend
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the beach in, for example, Spain [3,6], Italy [7], and Argentina [8]. These guidelines may
seem relatively simple to implement, but are they?

Figure 1. New rules of social distancing to attend the beach worldwide. Examples of spatial
distribution of visitors in different tourist destinations before (typically crowded) and during the
pandemic: (a) Antalya, Turkey before the pandemic; (b) Antalya, Turkey during the pandemic; (c)
Valencia, Spain before the pandemic; (d) Valencia, Spain, during the pandemic; (e) Guerrero, México
before the pandemic and (f) Guerrero, México, during the pandemic. Pictures during the pandemic
highlight the social distancing measures. The sign with the new hygiene protocol is shown. (Photos
from internet: Turkey [9,10], Spain [11,12], and Mexico [13,14]).

The pandemic has boosted research in many aspects and has flooded the scientific
literature with publications focused on COVID-19. For instance, in the Web of Science
database (consulted 1 May 2021), 102,816 articles on COVID-19 have been published (16 in
2019; 77,882 in 2020 and 24,918 in 2021 so far). For obvious reasons, most of them focus on
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medical findings and health-related actions (more than 30,000 articles), whereas very few
(30) mention the beach. Even in these studies, health risks are a primary issue [4,15–18], and
only one performed an ethnographic analysis of the emotional impact of restrictive beach
access signs on the population [19]. A few have focused on pollution [20,21], environmental
education and teaching [22,23], fisheries [24], environmental issues [25,26]. Studies dealing
directly with beach tourism have addressed social media [27], local tourism networks [28],
one-day tours [29], and the carrying capacity of the beach [2]. New publications regarding
the COVID-19 pandemic and coastal management are currently underway. In these new
studies, the topics addressed remain very diverse and cover, for example, the behavior and
perception of beachgoers [30,31]; the pandemic and coastal erosion [32]; and management
strategies which, again, involve estimates of the maximum number of visitors allowed [3,8];
signaling [33].

Indeed, similar to other aspects of the society affected by the pandemic, it is still
necessary to assess the impact that the COVID-19 outbreak has had on our beaches. Ex-
amples are the effects of the release of human pressure on the coast, which have been
observed through the sightings of endangered species (such as jaguars, leatherback turtles,
great curassow birds, crocodiles, and dolphins) on empty and otherwise human-packed
Mexican beaches and coastal cities [34]. In addition, the generalized lockdown of humans
provided wildlife and natural ecosystems (for example, beaches and coastal dunes) with
an unprecedented opportunity to recover from human pressure [26,35,36].

As the pandemic advances and new information was published, it is now known that
the outdoor risk of COVID-19 contagion is orders of magnitude lower than indoor [37].
These observations include coastal environments, such as public beaches, where exposure
to COVID-transmission is reduced because respiratory droplets are dispersed through
regular airflow [30]. Thus, urban beaches can be even more attractive places for leisure
and recreation, given the restricted mobility we still have, more than one year after the
pandemic onset [30,38]. New strategies have to be designed and tested to determine if they
help create improved ad hoc schemes for coastal management. Thus, the opportunity to
implement a social distancing program while protecting and restoring sandy beaches and
coastal dunes are now at hand. This proposal explores a new alternative to promote social
distancing at the beach (especially in urban locations) while coastal dunes and plant species
are restored and protected. The proposal has not been tested yet but aims to offer new
nature-based alternatives, which will promote the health of beachgoers while increasing the
scenic beauty and protecting native plant species, frequently trampled on, and destroyed
by tourists. The proposal will also help link two of the most significant problems facing
humanity today: pandemics and the impact of climate change.

2. Materials and Methods
2.1. Creating New Beach Landscapes to Promote Social Distancing during and after the
COVID-19 Pandemic

Recently, coastal protection strategies have profited from ecosystems’ natural func-
tioning, containing species with specific growth forms and tolerances to environmental
constraints. These species can modify the local physical environment by trapping and
stabilizing sand, so the beach elevation increases, and subsequently, the impact of storms
and waves is mitigated [39]. Furthermore, the latest studies have demonstrated that wave-
induced beach and dune erosion can decrease by up to 64% in the presence of beach
plants growing on dunes [40]. The above implies that coastal dunes and beach plants offer
sustainable and cost-effective coastal protection solutions.

In addition to the benefits of providing protection, coastal dunes can also help humans
to go back to the beach during and after the pandemic by promoting an effective social
distance. This proposal suggests a nature-based social distancing scheme supported by
the environmental heterogeneity and dynamics of the beach and incipient dunes and their
accompanying vegetation. Our proposal suggests using incipient (or embryo) dunes that
will help promote the necessary social distancing. Furthermore, these actions will help
protect local native plant species and natural dynamics while increasing the scenic beauty
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with a far more enjoyable environment than ropes or fences (Figure 1). This proposal
can also help visitors understand beach functioning, enjoy natural scenic beauty, and
comprehend the relevance of conservation and protection actions.

The proposal’s effectiveness in terms of how the beaches should be managed relies
on understanding (a) how beach heterogeneity and dynamics can help promote social
distancing, (b) how incipient dunes are built, and (c) the role of plants in dune formation.
Adequate information regarding these new (and old) strategies is fundamental. An example
is presented in Figure 2. Beaches in distant locations, mostly well preserved and with no
human impact, may contain incipient dunes, foredunes, and stabilized dunes, which are
natural elements on the beachscape (Figure 2a). These geomorphological features tend
to disappear in urban and suburban beaches, where dunes are flattened, vegetation is
eliminated, and instead, different facilities are offered to visitors (Figure 2b). In a new
beachscape in urban locations, when sufficient sediment supply is available, a naturalized
beach with incipient dunes and vegetation will create a more heterogeneous beachscape.
A heterogeneous beach will promote social distancing, help preserve native species, and
enhance scenic beauty with more natural elements (Figure 2c). In Mexico, for example, the
beaches with incipient dunes formed by Croton punctatus along the Gulf of Mexico (Doña
Juana) are depicted in Figure 3. Beach umbrellas are located hypothetically between the
incipient dunes to promote social distancing enforced by topography and vegetation.

Figure 2. Different alternatives for beach management; (a) natural setting in rural or distant locations;
(b) degraded urban beaches; (c) naturalized urban beaches.
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Figure 3. The hypothetical distribution of beach goers interspersed with incipient dunes.

2.2. Implementing New Measures for Beach COVID 19 Management—A Case Study of Mexico

This study focuses on an incipient dune strategy to promote social distancing in the
COVID-19 pandemic through a nature-based solution. Additional benefits include the
restoration of coastal dunes and native plants. Furthermore, given adequate conditions for
building incipient dunes, this model could benefit most beaches worldwide, even after the
cessation of anti-epidemic measures.

The Mexican coasts offer 270 beaches for recreation, where sanitary facilities and
amenities are available for tourists [41] and host a broad diversity of ecosystems such as
seagrasses, coral reefs, mangroves, and coastal dunes. The geomorphological heterogeneity
includes various sandy beaches, cliffs, and rocky shores, although sandy coasts are the
most abundant. Mexican beaches’ economic relevance is significant for international and
national tourism, contributing to 9% of the national GDP [42]. Except for Mexico City,
the destinations most frequently visited by tourists, both national and international, are
located on the coasts and include sandy beaches [41]. The above shows the importance of
reactivating beach tourism with adequate measures that guarantee visitors’ and workers’
health.

Although implementing new measures to safeguard people’s health from attending
the beach seems to be a straightforward action, it will vary according to the location. Indeed,
the beaches are anything but homogeneous. They vary in terms of their geomorphological
attributes, local or visiting biota (abundant or scarce), and socioeconomic characteristics.
The allowed carrying capacity of Mexican beaches is also heterogeneous, and regulations
have become stricter, with a new classification according to the permitted beach occupation.
Mexican beaches are now classified as urban-suburban (with one person/5 m2); rural
(one person/7.5 m2); remote (one person/10 m2); and aimed at nature protection (no
human activities allowed) [5]. Very recently, on 21 October 2020, a new presidential decree
was published stating that all beaches in Mexico are public and should have access to
visitors [43]. This resolution means that the number of visitors visiting the beach will
increase, for example, in touristic areas such as the Riviera Maya [44].

The diverse array of conditions on Mexican beaches results in different types of visitors,
authorities, stakeholders, rules, facilities, and infrastructure (see detailed information of
the most relevant beaches each coastal state has in [45]). The preferences of national and
international beach tourists are also different. For instance, national tourists mostly visit
Acapulco (on the Pacific coast) and Veracruz (in the Gulf of Mexico), whereas international
tourists prefer Cancun (in the Mexican Caribbean), Acapulco, and Puerto Vallarta (both on
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the Pacific coast) [46]. In consequence, enforcing social distancing may be complicated and
site-dependent. Knowledge, understanding, and comprehension of what COVID-19 means
and the importance of complying with safety recommendations and implementation vary
depending on cultural and local socioeconomic contexts. For example, in Latin American
countries such as Mexico, hotels in urban and suburban tourism poles are generally built
directly at the back of the beach. Several services, such as beach umbrellas, bunks, drinks,
and group activities, among others, are offered to tourists by the hotel’s staff, as well as
street vendors that depend on this income [47]. Maintaining the new pandemic rules
for social distancing to enforce low-density occupations depends on the supervision by
authorities and the enforcement by staff working at the beach, and an understanding of the
health problem by beach visitors.

In rural and remote beaches, the situation is different. Frequently, local authorities
do not take responsibility for adequate beach management (i.e., cleaning the beach, hiring
lifeguards, providing parking and sanitary facilities, etc.). Instead, governmental efforts
mainly focus on approving permits and collecting taxes for opening facilities such as
hotels and restaurants near the beach. The hotel licensing permit is the only activity
specified and regulated in the Mexican law for beach management (article 119, [48] applied
by ZOFEMAT—Maritime Terrestrial Federal Zone, in Spanish). Local inhabitants have
heard of COVID-19 and have even seen people dying. Many believe they can cure the
disease through their usual methods (using native plants, medicines for treating colds, or
pneumonia). Furthermore, inhabitants and visitors tend to avoid face masks because of
the breathing difficulties and discomfort of wearing them in the hot and humid weather
of tropical beaches. In general, no indication (signs) of the new safety measures (or any
warning, as a matter of fact) is offered in these rural and remote beaches.

In brief, the varying conditions and contexts of the Mexican beaches probably occur
in other tropical coasts. They show that returning to the beach should be tackled in diverse
ways, depending on the local conditions. These new strategies should be easily applied
and should not represent a yearly economic burden.

2.3. Databases Used to Build a Proposal to Create New Beach Landscapes to Promote Social
Distancing during and after the COVID-19 Pandemic

The proposal aims at creating new multi-functional beachscapes in Mexico that could
help enhance social distancing during and after the COVID-19 pandemic and promote the
recovery of dune diversity. Building new beachscapes to restore urban beaches and recover
degraded or lost coastal dunes and accompanying vegetation needs knowledge on the
interaction between plants and dunes and the local conditions that will help promote such
dune-building actions. To achieve this, we combined previously published information
on Mexican beaches and coastal dunes attributes, beach and dune flora, and plant growth
forms (Figure 4). With this, we had sufficient information to explore this proposal further.

The extent, spatial distribution, and condition of coastal dunes along the coasts of
Mexico were described in detail by [49] (information is available upon request), based on
field information and aerial images. In addition, the extensive work by several authors
(see references cited by [49–52]. In [50,52], the flora from the Mexican beaches and coastal
dunes was sampled throughout Mexican coasts and resulted in a detailed revision of plant
specimens, which safeguards herbaria collections from several Mexican institutions. Finally,
we also used published data plant functional types, especially those with the ability to
tolerate sand accretion [53–55]. With this, we had sufficient information on which species
would be adequate for building and restoring coastal dunes, considering the heterogeneity
and diversity of Mexican beaches.



Sustainability 2021, 13, 6268 7 of 19

Figure 4. The elements for building new urban beach landscapes that will help maintain social
distancing and preserve natural ecosystems.

3. Results
3.1. Beach Heterogeneity and Dynamics Can Help Promote Social Distancing

Incipient dunes and foredunes are essential elements on most sandy beaches, render-
ing the coast and beach as highly heterogeneous and dynamic environments. The size and
morphology of coastal dunes depend on the complex interaction between sediment supply,
the nearshore and beach geomorphology, and predominant winds [56]. Foredunes develop
at the rear of the backshore environments (landward of the active beach) and are classified
into three main types: incipient foredunes, established foredunes, and relict foredunes [57].
Incipient foredunes represent the initial stage of a foredune. They are located above the
high spring tide mark and are formed because of obstacles that reduce wind-flow velocities
and result in sediment accumulation. Vegetation is the most common obstacle contributing
to the formation of incipient dunes and foredunes [57] and determines the dunes’ shape.

Incipient dunes can be ephemeral features because they can be eroded or entirely
removed by severe storm events. Still, given sufficient sand supply, they are rebuilt
again as the process restarts. In time, as incipient dunes accumulate sand and increase in
height, and as vegetation cover increases, the dunes coalesce and become larger established
foredunes [57]. This repetitive cycle constitutes the dynamics of sandy beaches and helps
protect the coasts from erosion and flooding.

In Mexico, for example, the beaches with incipient dunes formed by Croton punctatus
along the Gulf of Mexico (Doña Juana) are depicted in Figure 4. Beach umbrellas are
located hypothetically between the incipient dunes to promote social distancing enforced
by topography and vegetation. It is essential to avoid walking on the dunes and destroying
them. Instead, flat areas between the dunes should be used to walk along the beach.

3.2. Building Incipient Dunes

Dunes can be built naturally by merely enabling or facilitating natural sand accumula-
tion processes to occur, or they can be constructed artificially through different methods,
including shovels and machinery. The first, more natural option should be promoted,
whereas the second should only be used in extreme situations when natural sand accumu-
lation processes are unlikely to occur [58].

Several biophysical features are relevant for building an incipient dune: the distance of
the water table to the surface of the sand, the availability of sediment supply, the adequate
fetch to transport sand, and the minimum distance of the plants to the shore that is necessary
for their survival. For example, in field conditions, [59] measured differences in dune-
building abilities between three types of dune grasses, whose ability to survive were also
affected by distance to the shore and elevation. Similarly, [60] observed that the distance
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to the shore and the elevation above sea level also determined the landscape position of
several beach dune species and, consequently, the spatial distribution of incipient dunes
built around these plants.

When beaches have sufficient sediment supply, it is possible to use specific plant
species combined with obstacles (such as pieces of tree trunks, branches, parts of wood
fences, etc.) to promote sand accumulation and formation of incipient dunes. Sand fences
are frequently installed in the United States and Europe and are commonly used to control
the flows of air, water, sediments, people, and animals. The barrier effect of sand fences
induces the accumulation of sediments and propagules and results in the creation of new
landforms (incipient dunes) [58].

3.3. The Role of Plants in Dune Formation

Planting beach and dune plants has been frequently conducted to stabilize the sand
and create dunes where necessary [58,61]. The tolerance to burial by sand is a unique
adaptation of psammophilous plants, which naturally promotes dune formation on sandy
beaches. Therefore, only a handful of species are dune-builders.

Plant density, morphology, and architecture determine dune initiation and shape.
For example, [62] observed that taller and larger dunes are formed by taller plants, while
erect grasses produced more elongated dunes, and the smallest plants create the lowest
dunes. Two grass species have been frequently used in Europe (Ammophila arenaria—
marram grass) and the USA (A. breviligulata—beach grass) to trap sand, thereby building
dunes [63]. Specifically, marram grass has been widely used to stabilize and establish
dunes for forestry plantings, property protection, and erosion control. However, outside
its natural distribution range (USA, South Africa, New Zealand, and Australia), this exotic
grass can become an invasive plant by competing and displacing native plant communities
and altering the dune habitats with further consequences for invertebrate communities and
bird species [64]. These and other findings have demonstrated the need to use local native
plants to build new dunes and change the beach’s landform when necessary. Therefore,
the choice of plants to be used for dune-building is essential, as they should be native dune
builders with the natural ability to accumulate sand. It is also necessary to consider that
the geographic distribution of dune-building plants will affect dune shape and type [65].

Previously published studies (see references cited by [49–52] have revealed a total of
2075 plant species listed for the Mexican sandy coasts. This number represents a relatively
high percentage because the total surface of coastal dunes in Mexico (800,000 ha) represents
0.4 of the entire territory. However, this seemingly insignificant surface holds 12% of the
Mexican flora.

We extracted only those species with sand-binding dune-building abilities from this
long list, which could potentially be used for building incipient dunes and foredunes. Then,
a new condensed list with 45 plant species that grow on Mexican beaches and that can
potentially be used for dune-building purposes was elaborated. We considered previous
information on vegetation composition and structure described for each coastal state in
Mexico [49], a review of the published literature describing the dune-building capacity
of beach plant species [59,66–70], and our unpublished field observations (Table 1). The
species included in this list belong to 20 families. The families with the largest number
of species are Asteraceae and Poaceae (6 species), Amaranthaceae (5), Aizoaceae, and
Fabaceae (each with 4), and Euphorbiaceae (3). These species occur in the five floristic
regions into which the Mexican coastal flora has been classified [49]. In the current study,
we combined the 18 species listed for the North Pacific and Gulf of Cortes region because
they share many species. We then included 12 species from the South Pacific, 16 from the
Gulf of Mexico, and 20 from the Caribbean (Table 1).

The choice of plants determines the shape and size of the dune because species differ
considerably in their sand binding ability and the type of dune formed around them. Dune-
building species from Mexican beaches grow in a wide variety of forms (Table 2). Some
grasses are stoloniferous, while others grow in culms and develop rhizomes. Creepers are
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also abundant, and, unlike psammophilous plants from temperate latitudes, some shrubs
and subshrubs are also tolerant of burial and are effective dune builders. The shapes of the
dunes formed around these plants with diverse growth forms are also variable (Figure 5).

The first model on sand accumulation around a plant was based on Ammophila are-
naria [71]. However, new models are necessary for plants with growth forms other than tall
culms with rhizomes, such as A. arenaria [72] (Table 2). Like A. arenaria, tall tropical grasses
with culms and rhizomes (i.e., Uniola paniculata) form high dunes covering large surfaces.
In turn, the dunes around stoloniferous grasses (Sporobolus virginicus) are small. Herbs can
also be effective sand binders, especially when they grow clumped together (i.e., Cakile
spp.). When the branches of herbaceous plants are prostrate (creeping herbs Ipomoea pes-
caprae), dense vegetation mats can spread over the sand’s surface, and the dunes are short
but wide. Shrubs and subshrubs can elongate their branches and protrude from the sand
forming relatively tall dunes (Croton punctatus). Some shrubby plants’ stems can produce
roots when in contact with the sand, promoting sand accumulation. In addition to plants’
role in building different dunes, the shape and size of the dunes will also vary depending
on local conditions such as the type of sand, size of the sand grains, and predominant wind
regime. For example, the dunes formed around Scaevola plumieri are large on the Pacific
coast and much smaller in the Caribbean.

Figure 5. Different species form incipient dunes in the various regions along the coasts of Mexico. North Pacific: and South
(a) Atriplex canescens, (b) Abronia maritima, (c) Sesuvium portulacastrum, with Abronia maritima; (d) Scaevola plumieri, (e) Ipomoea
pes-caprae, (f) Scaevola plumieri, (g) Uniola pittieri. Gulf of Mexico and Caribbean: (h) Uniola paniculata, (i) Croton punctatus, (j)
Sesuvium portulacastrum, (k) Ipomoea pes-caprae, (l) Croton punctatus with Palafoxia lindenii (m) Tournefortia gnaphalodes, and (n)
Cakile spp. (Picture credits: Gerardo Sánchez Vigil).
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Table 1. Dune-building and sand-binding species list, including family and the distribution in the Mexican coastal floristic
regions. * Type of species refers to those recognized by [52] as mainly coastal dune species. ** Espejel et al. [52] did not mark
Suriana maritina as a coastal dune species, but we considered this species coastal in this study. *** Exotic plants that can
become invaders.

Family Species Type of
Species

North Pacific &
Cortes Sea

South
Pacific Caribbean Gulf of

Mexico

Nyctaginaceae Abronia maritima Nutt. ex S. Watson * 1 1
Amaranthaceae Alernanthera flavescens Kunth 1
Amaranthaceae Amaranthus greggii S. Watson * 1 1

Asteraceae Ambrosia dumosa (A. Gray) Payne 1
Asteraceae Ambrosia hispida Pursh * 1

Poaceae Arundo donax L. *** 1
Amaranthaceae Atriplex barclayana (Benth.) D. Dietr. 1
Amaranthaceae Atriplex canescens (Pursh) Nutt 1
Amaranthaceae Atriplex leucophylla (Moq.) D.Dietr. 1

Bataceae Batis maritima L. 1
Fabaceae Caesalpinia bonduc (L.) Roxb. * 1

Brassicaceae Cakile edentula (Bigelow) Hook. * 1
Brassicaceae Cakile maritima Scop. *** 1

Fabaceae Canavalia rosea (Sw.) DC. * 1 1 1

Fabaceae Chamaecrista chamaecristoides (Collad.)
Greene * 1 1

Euphorbiaceae Cnidoscolus texanus (Müll. Arg.) Small 1
Polygonaceae Coccoloba uvifera (L.) L. * 1

Euphorbiaceae Croton punctatus Jacq. * 1 1
Ephedraceae Ephedra trifurca Torr. ex S. Watson 1

Rubiaceae Ernodea littoralis Sw. * 1
Euphorbiaceae Euphorbia mesembryanthemifolia Jacq 1
Frankeniaceae Frankenia palmeri S. Watson 1

Convolvulaceae Ipomoea imperatii (Vahl) Griseb. * 1 1
Convolvulaceae Ipomoea pes-caprae (L.) R. Br. * 1 1 1 1

Poaceae Jouvea pilosa (J. Presl) Scribn. * 1 1
Fabaceae Marina maritima (Brandegee) Barneby * 1

Aizoaceae Mesembryanthemum crystallinum L. *** 1
Onagraceae Oenothera drummondii Hook. * 1

Nyctaginaceae Okenia hypogaea Schltdl. & Cham. * 1 1 1
Asteraceae Palafoxia lindenii A.Gray * 1
Asteraceae Palafoxia texana DC. 1

Poaceae Panicum amarum Elliott * 1
Asteraceae Pectis arenaria Benth. 1 1

Portulacaceae Portulaca pilosa L. 1
Goodeniaceae Scaevola plumieri (L.) Vahl * 1 1

Aizoaceae Sesuvium portulacastrum (L.) L. 1 1 1 1
Aizoaceae Sesuvium verrucosum Raf. * 1
Asteraceae Solidago sempervirens L. 1

Poaceae Sporobolus virginicus (L.) Kunth * 1 1 1 1
Surianaceae Suriana maritima L. ** 1

Boraginaceae Tournefortia gnaphalodes (L.) R. Br. ex
Roem. & Schult * 1

Aizoaceae Trianthema portulacastrum L. 1
Zygophyllaceae Tribulus cistoides L. 1

Poaceae Uniola paniculata L. * 1 1
Poaceae Uniola pittieri Hack. 1
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Table 2. Growth forms and types of dunes formed after the accumulation of sand.

Species

Herbs
(Annuals and

Perennial Short
Lived)

Stoloniferous Grass Grass with Culms
and Rhizomes Creepers Subshrubs and

Shrubs

Abronia maritima P, M, Suc
Alernanthera flavescens P

Amaranthus greggii A
Amaranthus dumosa P

Ambrosia hispida P, Ps, M
Atriplex barclayana P
Atriplex canescens P

Atriplex leucophylla P, Ps, Lb
Batis maritima P, Suc, Ps

Caesalpinia bonduc P, Cb
Cakile edentula H, Ba, Suc
Canavalia rosea H, Ps, Lb
Chamaecrista

chamaecristoides P

Coccoloba uvifera P, R
Croton punctatus P
Ephedra trifurca P, Ps
Ernodea littoralis P, Ps, R

Euphorbia
mesembryanthemifolia P, Ps

Frankenia palmeri P,
Ipomoea imperatii H, Ps, Lb

Ipomoea pes-caprae H, Ps, Lb, R
Jouvea pilosa M

Marina maritima P
Oenothera drummondii P, M

Okenia hypogaea A
Palafoxia lindenii A, R
Palafoxia texana A

Panicum amarum P, M
Pectis arenaria A, P, Ps

Portulaca pilosa P, Suc, Sp, R
Scaevola plumieri S, Suc, R

Sesuvium
portulacastrum P, Suc, Ps, R

Sesuvium verrucosum P, Suc, Ps, R
Solidago sempervirens P, Suc, Ps, R
Sporobolus virginicus M

Suriana maritima P, Sp
Tournefortia
gnaphalodes P, R

Trianthema
portulacastrum A, P, Suc, Ps, M

Tribulus cistoides A, P, M
Uniola paniculata P, Sp

Uniola pittieri P

Five types of growth or models are shown. Exotic species were not included. A: annual, Ba: biannual, P: perennial, H: herbaceous, Suc:
succulents, M: mat-forming, Ps: prostrate, Sp: spreading, Lb: long branches, Cb: climbing branches, R: rooting from stems touching the
sand (data reanalyzed from [52]).

The vegetation that develops on the Mexican beaches and coastal dunes includes
several dune-building plants, with different growth forms that vary significantly through-
out the coast’s 11,000 km. In addition, dominant dune-building plants vary regionally
(Figure 6), which should be considered when reconstructing dunes.

For instance, [52] synthesized all the information gathered regarding coastal dune
vegetation in Mexico. These authors reveal a total of 2075 species growing on Mexican
coastal dunes, which represent 8% of the total plant diversity in Mexico (23,791 species) [52].
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This percentage is significant, given that the entire surface of coastal dunes in Mexico
(800,000 ha) represents less than 1% of the Mexican territory. Specifically, in terms of dune-
building species, the diversity of growth forms is also high, and it varies geographically.
Herbaceous species are equally abundant in all regions, whereas shrubs are more abundant
in the Caribbean and very low in the South Pacific. Creepers are scarce in the North Pacific
and Cortes Sea.

Figure 6. The number of dune-building species with different growth forms found in the four floristic
regions of the Mexican coasts (Reanalyzed data from [50,52]).

3.4. Distribution of Coastal Dunes in Mexico

The wide variety of environmental conditions and plant species found along the
coasts of Mexico also results in a considerable heterogeneity of dune forms [49]. These are
distributed unequally among regions. In the inventory of Mexican of coastal dunes, [49]
demonstrated that frontal dune plains and transgressive dunes are the most abundant
dune types in the country. These authors mapped the different kinds of coastal dunes in the
Mexican littoral, and with this information, we elaborated on Figure 7. Transgressive dunes
are most abundant in the North Pacific and Cortes Sea (Figure 7), whereas parabolic dunes
mainly occur along the Gulf of Mexico. Frontal dunes are relatively scarce. These results
show the abundance of coastal dunes along Mexican coasts, and therefore, the possibility
of building incipient dunes. However, local, more detailed studies would be necessary to
create new beach landscapes, mainly on urbanized coasts.

In terms of beach and dune management and the need to promote nature-based social
distancing, it is imperative to bear in mind the required size and type of dunes and the
plants’ aesthetics to be used to create adequate "natural beach separators." The plants used
in dune-forming projects can be reproduced in rustic local greenhouses, from either seed
or plant fragments that can resprout (for example, Sesuvium portulacastrum and Ipomoea
pes-caprae, among others). In addition, existing dune types in each location (or expected
dune types) will aid in deciding the types of dunes to be built for a nature-based social
distancing.
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Figure 7. The distribution of dune types along the coasts of each floristic region in Mexico (Reanalyzed
data from [49]).

4. Discussion

The COVID-19 outbreak has placed humans at stake. Many aspects of our society
and human activities have mainly been affected and altered by the pandemic. Given this
situation and the inability to predict this new condition’s duration, we need to develop
new strategies. During and after the pandemic, a unique opportunity opens and enables
us to design and eventually test new ad hoc schemes for coastal management. These
actions might be most relevant in urban locations, where the beaches are used the most
and with the highest densities. When beach width and sediment availability are adequate,
this proposal offers new alternatives that will help promote nature-based social distancing.
Instead of flattening the dunes and eliminating vegetation, a more heterogeneous beach
with dunes and plants will also provide natural scenic beauty while helping with the
conservation and protection of coastal dunes and their biota.

Besides promoting social distancing and restoring and recovering coastal dunes, these
actions may also help address beach erosion and sand loss, a worldwide concern [73].
It is the result in part of climate change and the consequent sea-level rise [74] and of
bad management practices (see for example [75]). Despite the evidence indicating the
urgency of promoting climate change mitigation actions, the current pandemic crisis has
forced governments to stop investing in these strategies (climate change mitigation and
adaptation) despite many papers calling for emergent measures [76], and a global crisis
of shoreline erosion [77]. Considering the recent evidence showing that beach vegetation
helps mitigate erosion [78], this proposal links human health, economic recovery, and
beach management and conservation. This approach aims at constructing more sustainable
coasts.

A first step towards implementing this nature-based social distancing and coastal
dune conservation requires analyzing the natural distribution of coastal dunes and their
accompanying dune-building plants [49]. This proposal shows that the distribution of
different coastal dune types along the coasts of Mexico is very variable along the four
floristic regions in which the Mexican coasts have been divided [52]. The largest surface of
coastal dunes is found in the North Pacific and the Sea of Cortes, followed by the Gulf of
Mexico and the Southern Pacific. The Caribbean coasts contain the most reduced surface
of coastal dunes. Dune types also vary: transgressive dunes and foredunes predominant
on the North Pacific and the Gulf of Cortes. Most parabolic dunes occur along the Gulf of



Sustainability 2021, 13, 6268 14 of 19

Mexico. Foredunes are abundant in the Caribbean and southern Pacific. Thus, each region
has its own set of incipient and foredunes with the accompanying flora that can be used or
restored to implement this proposal’s strategy [49]. Beaches that already have incipient
dunes and foredunes should be conserved, with adequate actions and legal instruments.
When the dunes are destroyed, restoration is another alternative [58].

Similar to dune types and their distribution throughout Mexico’s coasts, the diversity
of dune-building plants is relatively large. [52] mention 42 dune building species with
heterogeneous distribution and the ability to form different dune types. Thus, the Mexican
beaches’ varying conditions and situations show that the promotion of a nature-based
social distancing should be promoted differently, depending on the local conditions. These
strategies can be applied with relative ease and should not represent a yearly economic
burden to the authorities or owners so that the proposal is self-sustainable.

In addition to restoring and recovering coastal dunes, new policies that promote the
conservation of these ecosystems are urgent, given the many ecosystem services provided
by these ecosystems to society [79]. As degradation continues, the loss of ecosystem services
will escalate. An excellent example of how effective protection policies help recover natural
ecosystems is observed with mangroves in Mexico, which have resulted in a stable and
even an increasing surface covered by these ecosystems [80]. A similar approach has to be
followed regarding beach and dune conservation, which produces jobs and entertainment
and protects from sea level rise.

Caveats of the Proposal

As with any proposal for new management schemes, our model does not come
without limitations that point to future coastal research and management directions. The
proposal of beachscape changes has not been subjected to verification of its effectiveness,
and thus, several potential barriers might arise before adopting the incipient dune strategy.
We will address several potential obstacles that are particularly relevant to consider.

First, building incipient dunes can be particularly challenging and needs knowledge
and understanding of the dynamics of each beach [81]. It is essential to consider the bio-
physical attributes of each beach that will either facilitate or limit the possibility of building
incipient dunes. These attributes include sufficient sediment supply, wind speed, depth
of the water table, and available native dune-building plants [58]. The different types of
incipient dunes depend on specific growth form, growth rate, density, and architecture of
dune-building species [82,83], which determine dune initiation and shape [62]. Further-
more, local and regional variation in biophysical attributes of the beach and occurrence of
dune-building species will determine the dune shape and type that can be built in each
site [65].

Second, different activities that regularly occur on urban beaches might (or will be)
limited. For instance, using machinery for litter removal in the presence of a mosaic of
incipient dunes will be complicated at best. Here, new windows of opportunity to improve
beach management might arise. For aesthetic, human health, and economic reasons,
urbanized and heavily used beaches need to have cleaning activities that include litter and
natural debris. As a result, cleaning machinery is frequently used. However, evidence
has shown that heavy machines can have deleterious effects on the beach flora and fauna
because the habitat is destroyed (compacted), and plants and animals are killed [84,85].
New alternatives for beach cleaning that are environmentally adequate could include
manual cleaning [84,86] as well as the reduction of beach littering and litter generation.
This approach needs environmental education of beachgoers, staff training, adequate
provision of waste receptacles, and fines for littering [84,87].

Other activities that are not compatible with the incipient dune strategy for social
distancing would be trampling on coastal dunes and using off-road vehicles. There is
increasing evidence of the negative impacts that trampling and vehicles have on the dunes
and the local flora and fauna (see, for example, [88–91]). Damage is fast, while recovery
slow. Consequently, these destructive activities should be either avoided altogether or
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consider beach zonation with areas designated for them, while others are kept safe from
them. A zonation scheme in which the beach is divided into areas heavily used and areas
moderately used allows the beach flora and fauna to develop on less disturbed habitats [92].

Third, the new beachscape must face the social perceptions and acceptance surround-
ing the implementation of these projects. Failure to comply with environmental regulations
or encourage the population’s involvement (stakeholders, staff, or visitors) is of great
importance for the project’s success [93]. For instance, [94] explored the perception of
beachgoers to new management strategies aimed at protecting threatened bird species
on urban beaches. Here, beachgoers reported reduced inconveniences induced by the
conservation efforts because of high awareness and support of these actions. Similarly,
beach preservation is frequently relevant to beachgoers. For example, they are willing to
pay an annual fee to preserve the beach in Italy [95] and Australia [96]. In Mexico, [97] also
found that tourists are willing to pay increased entrance fees at Mexican protected areas,
including beaches, to support conservation actions. However, in other Mexican beaches
with mostly national visitors, personal field observations by the authors (unpublished data)
have shown that stakeholders and beachgoers prefer flattened beaches void of dunes and
plants. In this case, environmental education programs would be necessary to deliver the
benefits of the more natural beachscapes, which, besides promoting social distancing and
human health, would also help with shoreline protection by mitigating erosion [98–100].

Indeed, the multidisciplinary collaboration between academia, stakeholders, decision-
makers, and beachgoers is necessary to achieve new nature-based alternatives for beach
management, even though the perceptions on the costs and benefits would probably
differ [101]. New pilot designs would be necessary to test the effectiveness of this proposal,
considering the social, economic, and environmental aspects that the proposal implies.

Finally, the new nature-based solution for social distancing and climate-change adap-
tation should be accompanied by awareness campaigns on the relevance of protecting
coastal dunes and their vegetation. These initiatives are crucial to engaging stakeholders,
local inhabitants, and visitors from non-coastal regions in a better understanding of why
we need to avoid trampling and driving over dunes.

5. Conclusions

Human health and well-being are closely linked to ecosystem health and ecosystem
services [102]. The new pandemic conditions and the inability to predict its duration
have forced human society to develop new strategies to take care of ourselves and our
surrounding environment, to maintain our health, jobs, economy, and the environment.
The pandemic offers opportunities to design and eventually test new ad hoc schemes for
coastal management. This paper presents a new management model for sandy beaches
aimed at sun-sand-and-sea tourism that will help promote social distancing in a COVID-19
pandemic. The approach presented in the article is aimed to be beneficial for human health
as well as the environment because natural materials are used, which will also help in
dune restoration. As anti-epidemic measures cease, the new model of beachscape will be
helpful in the sustainable development and environmental protection context that will,
additionally, provide scenic beauty and coastal protection. We need to find new ways
to enjoy the beach and associated activities and, possibly, move to a new status-quo that
is healthier for everyone, including natural ecosystems. As with any new protocol, the
nature-based solutions should be tested and corrected after creating a prototype.
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